F/G 4/2

N T THOWPSON DEC 87 NEPRF-TR-97-84

-
z
St
x
()
d
=
bnd
&
2
{ 4]
b
w
X
-4
-
T
-
m
~
2
-

*
8
¥
2
2
:
F
:

PATHOLOGY

14




[llo £ 1 2
—— ::_ Hlé "m_—=
ol 40
T
=
25 flLig foe

UTION TEST CHART

»

Tt X S 5 Q N
T T N o T A TR AN T
e L e Y e T I N o
~ . DAL LA MR A '
- » L™ L) - * z
o N A X
AL RAR R N




r

| ==

01iC riLE CORY

Naval Environmental Prediction Research Facility
Monterey, CA 93043-5008

Technical Report TR 87-04 December 1987

AD-A195 919

TEMPERATURE PROFILE
CONSTRUCTION METHODS: 4

AN EVALUATION

William T. Thompson

Naval Environmenta!l Prediction Research Facility

DTIC
ZLECTE
@ JUL O 7 1988

Y

¢

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION IS UNLIMITED

. G ~ 1 4 O
e A AT AT A T AT A A
L AT T Y I P 1 WA S



SN UWL

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE
REPORT DOCUMENTATION PAGE
Ta. REPORT SECURITY CLASSIFICATION 5. RESTRICTIVE MARKINGS
UNCLASSIFIED
2a. SECURITY CLASSIFICATION AUTHORITY 3 OISTRIBUTION/ AVAILABILITY CF REPORT

Approved for public release;

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE

distribution is unlimited

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)
TR 87-04

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION

Naval Environmental Prediction (If applicable)

Research Facility

6¢c. ADDRESS (City, State, and ZiP Code) 7b. ADDRESS (City, State, and 2P Code)

Monterey, CA 93943-5006

8a. NAME OF FUNDING ; SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBSER
ORGANIZATION  Space and Naval (f applicable)
Warfare Systems Command PMW-141
8c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
Department of the Navy CLEMENT NO.  [Ro Nor ACCESSION NO.
Washington, DC 20363-5100 63207 WO513 DN656770

11. TITLE (Include Security Classification)
Temperature Profile Construction Methods: An Evaluation (U)

12. PERSONAL AUTHOR(S) Thompson William T
1] Ld

13a. TYPE QF R PORT 13b. TIME COVERED 14. DATE OF REPQRT (Year, Month, Day) [S. PAGE UNT
P rnom 1071786 10 9/30/87 1687 Decemper 62

16. SUPPLEMENTARY NOTATION

17 COSAT! CODES 18_ SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Temperature profile
04 02 Atmospheric stability
T FNOC fields

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

A method for obtaining atmospheric temperature profiles in data sparse areas is to
extract temperature from numerical weather prediction model analysis fields at mandatory
levels. An important component of this technique is the near surface air temperature,
which can be obtained either from the numerical model's extrapolated mean planetary
boundary layer temperature or from an analysis of the observations. In an effort to
determine which of these two values gives the most representative profile, comparisons
were made between profiles constructed from Fleet Numerical Oceanography Center (FNOC)
fields and ship soundings from weather station ships in the North Atlantic. Although
both profiles compared favorably to the soundings in many cases, the analysis field
provided more representative estimates of atmospheric stability than the model-derived
near surface air temperature

20 DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
BR 1w ASSICSED/UNUMITED [ SAME A2 RPT. [ OTIC USERS UNCLASSIFIED
722 NAME OF RESPONSIBLE INDIVIOUAL 2(0. TELEPHONE (Include Area Code) | 22¢. OFFICE SYMBOL
Thompson, William T, 4083 647-4716 NEPRF WU 6.3-1
0D FORM 1‘73, 84 MAR 83 APR edition may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete.

UNCLASSIFIED

MO0 LTI O oV VNP oW 0) bt el ulin®e S kaS el HE §0R Ben T

":l
"

h,
‘l' t

"
!

u
3

XS]

.‘.
5 SN

J"}".

o

X v

o, o

ot i A A A

£

.
ol

BT®

P ELIL® 2
S ofof « ey



- .

Introduction
Methodology
Results . .
Conclusions
Figures 1 -51 .

Distribution .

-.. ‘u ,,’N‘ ’s." ).. 'V e '.. ) . .',' O

- .
. .
. .
] .
. .
. -

o 0ps gt A bl

CONTENTS

..l-

s -'-.lw -"'f-f-.u"--'-‘-;-)‘

TR EXR)

T

- ] - - L] L ] L] 2
. . . . . . . 4
L] - L] L] L] - . 8
- ] L] L] [ ] - 10-60
L] - L] L] L] L] L] 61
T —— —_—
Accesion or
S |
NTIS  CRALI )
LTIC 158 2
Uitanop e ]
Jooand,
B2y
i C‘:f'\u f T
- _c I
e o )
D'.". ' - , 3 rl l \
'f"v".‘l_‘f‘_‘-"“l'f“-‘ N p e '."J‘ AT A TS P ~,:'--'_ Teta

»

‘.'
¢§}~$

'’

N

0

o

.,.....
oA

x
=

.}
D

et

]

~.



D)

S R AR R A R R R R A R IR e ‘o0 e 0 00 60" 808 K RN A eV N, T T ey

N e e N

1. INTRODUCTION
. °This report evaluates two different methods for construction
of vertical temperature profiles from analysis fields of numeri-
cal weather prediction models. The two methods differ in the
specification of the near-surface air temperature. The results
of this evaluation will be of interest to persons responsible
for other models requiring input of vertical temperature
profiles.

Vertical temperature profiles are required input for several
of the programs producing numerical environmental products at
Fleet Numerical Oceanography Center (FNOC). Observations of
vertical temperature profiles, however, are rarely available over
open ocean areas."Ship observations are sparse and satellite-
derived profiles lack sufficient vertical resolution and accuracy
near the surface. An alternative method involves extracting
temperature values from numerical weather prediction (NWP) model
analysis fields at standard levels. (surface, 1000 mb, 925 mb, 850
mb, 700 mb, 500 mb) at the point of interest, but this method
likewise provides relatively poor vertical resolution. An
important aspect of this method is the "near surface air"
temperature which, together with the sea surface temperature,
determines the air-sea temperature difference. Air-sea
temperature difference determines atmospheric stability.

There are two sources of "near surface air"™ temperature
at FNOC. One is from the NWP model boundary layer - the mean
boundary layer temperature is adjusted dry adiabatically to the

surface. The field produced in this manner is stored in FNOC
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record A07. The second source is from an analysis of the surface
observations. This field is stored in record A10. Soundings can
be constructed using either field. It is of some importance,
then, to determine which field, when combined with the other
model standard levels, will provide the most representative

sounding.

2. METHODOLOGY

In an effort to address this problem, a series of compari-
sons were made between ship soundings constructed from the
mandatory level, significant level, and surface report files of
the operational data base, and "pseudo-soundings" constructed
from the sea surface, "near surface air", 925 mb, 850 mb, 700 mb,
and 500 mb temperature fields interpolated to the ship location.
Two pseudo-soundings were produced in each case, one using the
model derived A07 field and one using the analyzed Al0 field.
All three soundings were plotted together in order to facilitate
comparison.

The cases are summarized in Table 1 and the plots are
shown in Figures 1-50. -The locations of the weather station
ships used in the evaluation are shown in Figure 51. In Table 1,
the cases are categorized in terms of the ship used, the date
time group, which pseudo-sounding was most representative of the
ship sounding, and whether the boundary layer was stably or
unstably stratified, (based on the observed air-sea temperature

difference). In Figures 1-50, the actual ship sounding data




Table 1.

Summary of cases used in Evaluation

Case No, Ship/Time A07/a10 Stable/Upstable
1 CHAR 86050500 Al0 U (A07 N)

2 MIKE 86050700 Al0 U (A07 S)

3 MIKE 86051500 tie U

4 LIMA 86051500 Al0 U (A07 8S)

5 CHAR 86051500 tie S

e MIKE 86051512 tie U

7 LIMA 86051512 tie u

8 CHAR 86051512 tie U

9 CHAR 86052012 tie U

10 LIMA 86052012 A07 U

11 MIKE 86052012 tie U

12 LIMA 86052000 A07 U (Al10 S)

13 CHAR 86052000 tie s

14 MIKE 86052000 tie S (A07,Al0 U)
15 CHAR 86060312 Al0 s

16 MIKE 86061212 Al0 U

17 CHAR 86061212 tie S (A07,A1l0 U)
18 MIKE 86062612 A07 N (Al10 U)

19 LIMA 86062612 Al0 U (A07 N)

20 CHAR 86062612 tie S (A07,A10 U)
21 MIKE 86061512 A10 S

22 CHAR 86061512 tie 6]

23 LIMA 86061512 Al0 U (A07 S)

24 CHAR 86070112 Al0 S (A07 U)

25 MIKE 86070112 tie U (A07,A10 S)
26 MIKE 86071712 Al0 U (A07 s)

27 CHAR 86071600 Al0 U

28 LIMA 86071600 tie U

29 LIMA 86071612 tie U

30 MIKE 86071600 A10 S

31 MIKE 86071612 tie S (Al10 N,A07 U)
32 CHAR 86071712 Al0 S (A07 S)

33 LIMA 86071712 Al0 U

34 CHAR 87010800 Al0 S (A07 U)

35 MIKE 87010800 tie U

36 MIKE 87010700 tie V]

37 LIMA 87010700 AlQ U (A07 S)

38 CHAR 87013012 tie S

39 MIKE 87013012 A07 U

40 LIMA 87013012 tie U

41 MIKE 87013100 A07 U

42 CHAR 87013100 A07 4]

43 MIKE 87013100 A07 U

44 CHAR 87013100 tie s

45 7,IMA 87013100 tie U

46 MIKE 87020212 tie §]

47 MIKE 87020212 tie U

48 CHAR 87020212 tie U

49 CHAR 87020512 tie U

50 MIKE 87020512 Al0 U

|
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points are marked with "X" so that the air-sea temperature
difference can be seen easily. The determination as to which
pseudo-sounding was most representative was based not only on a
subjective comparison to the ship sounding but also on stability;
if the pseudo-sounding appearing most 1like the ship sounding had
an air-sea temperature difference of opposite sign (as compared
to the ship sounding), the other pseudo-sounding was declared
the "winner". Simtilarly, if both pseudo-soundings had air-sea
temperature difference opposite in sign to the ship sounding, the
case was declared a "tie". A tie was also declared when neither
pseudo-sounding offered a clearly superior representation of the

ship sounding, i.e., when both were equally bad or good.

3. RESULTS

Examination of Figures 1-50 shows clearly that, in most
cases, the pseudo-soundings provide a very close approximation to
the ship sounding. There are, of course, some exceptions to this
general rule; for example, the pseudo-soundings in cases 6, 9,
15, 22, and 35 are not particularly representative of the ship
soundings. Case 15 in particular is striking; this case is ship
CHARLIE at 12Z on 3 June 1986. Apparently, a strong warm frontal
passage occurred just prior to 12z, causing an extremely stable
boundary layer to develop. The CEARLIE observation was obviously

not accepted by either the analysis or the model initialization.
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Another feature which becomes evident on examination of
the Figures is that often there is disagreement between the
soundings as to the atmospheric stability. There are, in fact,
17 cases in which disagreement is present. A good example is
case 24 for ship CHARLIE at 12Z on 1 July 1986. 1In this case,
both the sounding and the Al0 pseudo-sounding are stable while
the A07 pseudo-sounding is stable near the surface and strongly
unstable just above. Many of these cases involve large near-
surface lapse rates in one sounding or another. 1In the vast
majority of these cases (13 of the 17), the Al0 pseudo-sounding
is the "winner".

In many of the winter cases (cases 34-50), the magnitude of
the air-sea temperature differences is quite large with the sea
generally much warmer than the air. Only about 18% of the winter
cases are stable. This is not surprising given the severity of
North Atlantic winters.

In Table 2, the number of "wins" for A07 (i.e., the number
of cases in which the pseudo-sounding was constructed using the
model-derived near surface air temperature) and the number of
"wins" for Al0 (number of cases in which the pseudo-sounding was
constructed using the analyzed near surface air temperature) are
tabulated, along with the number of ties. The data are also
stratified in terms of stability with a fourth category (labeled
"conflict") for cases in which the soundings disagreed on the
sign of the air/sea temperature difference. More than half of

the cases are tied. There are also more ties than wins in each
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Table 2. Stability Stratification: Total
total Al0 A07 tie
total 50 16 7 27
stable 14 6 0 8
unstable 35 10 6 19
neutral 1 0 1 0
conflict 17 13 2 2

stability catégory except neutral and conflict.

which there is a winner, Al0 wins more than twice as frequently
as A07 (16 vs. 7) and AlQ0 wins more frequently in each stability
category (except neutral) as well.

the conflict category. Finally, it should be noted that the vast

majority of the cases (35) are unstable.

In an effort to identify biases in the data, several
different stratifications were employed.
to Table 2 except that only the 33 summer cases are included.
The same general trends are apparent in the summer, including the

overwhelming number of wins for Al0 in the conflict situations

(11 out of 15).

Table 3.

Stability Stratification: Summer

In cases in

AlQ wins most decigively in

Table 3 is identical

total

Al0 A07

tie

total

stable

unstable

neutral

conflict

33
11
21

1

13 3

17

10

-----------
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Table 4 includes only winter cases. In the winter, A07 is :

slightly superior to AlQ0 (by one case). This is probably due to E‘

the fact that the stronger synoptic forcing in the winter cases E;

brings the model initialization closer to the actual situation. f;

Note also that there are only two conflict cases. This is the :é

result of the large air-sea temperature differences due to the "

cold air associated with North Atlantic storms removing any 23

ambiguity as to the atmospheric stability. 1In winter as in é»

summer, most of the cases are unstable (82%). In both of the )

conflict cases, AlQ is the winner. ;:

\

Table 4. Stability Stratification: Winter %f

total Al0 A07 tie Ej

total 17 3 4 10 :

stable 3 1 0 2 ;-

unstable 14 2 4 8 'E

neutral 0 0 0 0 X

)

conflict 2 2 0 0 ;

3"

Tables 5 and 6 are for the day and night cases, respectively. }f

The weather station ships are between one hour ahead (MIKE) and ?:

two hours behind (CHARLIE) Greenwich Mean Time (ZULU Time), so ;E

that 12Z and 00Z can be used to distinguish night from day. There Eé

are no particularly striking diurnal differences, although there tﬂ
is a higher percentage of stable cases at night (35% at night vs
16% during the day). Ties predominate in all categories (except
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Table 5. Stability Stratification: Day ::
~)
total Al0 A07 tie ﬁ :
LS
total 30 10 3 17 ®
0
stable 5 1 0 4 s\
unstable 24 9 2 13 o
e 1
neutral 1 0 1 0
o
N
conflict 10 5 1 4 Nty
- N
ot
[
7
Table 6. Stability Stratification: Night H\':.::
{
total Al0 A07 tie E ;
total 20 7 4 9 ®
stable 7 2 0 5 3
l',\
unstable 13 5 3 5 o
L}
neutral 0 0 0 0 L\ ‘
o
Ay
"
conflict 7 5 1 1 AN
.r\
'
neutral and conflict) and Al0 is substantially ahead in cases in %.
™~
which there is a winner. 1In the conflict situations, the :.\
percentage of ties during the day is somewhat higher and Al0 wins ;,Q
in only half of the total. During the night, Al10 is clearly !
\-\:
superior in the conflict situations. ;\.'
Y
oY
5. CONCLUSIONS -
In examining the results described in the preceding section, :_',':
'.}"'
)
note that all of the cases were based on data from the North e
\':-
Atlantic ocean and theé conclusions may not apply to other ocean .
basins. The necessity of having a ship sounding for wverification F:
s
.
U
)
4
e
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required that a weather station ship be used; all of the weather
station ships still.in operation are located in the North
Atlantic ocean. The variety of day/night and summer/winter cases
sampled may allow generalization to other geographical areas. 1In
spite of the relatively large number of cases sampled and the
number of different stratifications employed, no clear biases
became apparent. In most of the cases, neither sounding was
clearly superior to the other. In most of those cases that had

a winner, Al0 was the winner.

The predominance of ties in cases sampled might at first
seem to make it impossible to determine which field should be
used to construct soundings. On closer inspection, however, it
becomes apparent that Al0 gives superior results in cases in
which the soundings disagree on the sign of the air-sea temper-
ature difference. Correct diagnosis of atmospheric stability
is extremely important for a variety of applications. It is
recommended, therefore, that the Al0 field (the analyzed field)

be used in the construction of pseudo-soundings.
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As in Fig. 1, for ship Charlie 12Z 12 June 1986.

Figure 17.
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As in Fig. 1, for ship Charlie 00Z 8 January 1987.

Figure 34.
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As in Fig. 1, for ship Mike 12Z 5 February 1987.
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Figure 51, Locations of weather station ships:
Charlie -- 52.7°N, 35.5%
Mike -~ 66.1°N, 1.7°E
Lima -- 56.9°N, 20.4%
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